INTRODUCTION {#sec1-1}
============

A wound is the breakdown in the protective function of the skin, loss of continuity of epithelium with or without loss of underlying connective tissue. Wounds can be accidental, pathological or post-operative. All wounds contain bacteria, but the majority of the wounds do not get infected.\[[@ref1]\] Infection is believed to occur when virulence factors expressed by one or more microorganisms in the wound outcompete the host\'s natural immune system.\[[@ref2]\]

Wound infection is the most common nosocomial infection and cross infection is common.\[[@ref3]\] Wound infections adversely affect morbidity and mortality, delay wound healing, cause wound breakdown and are also associated with longer hospital stay and increased the cost of health care.\[[@ref4]\]

With an extra hospital stay of 6--14 days at as much as 180 American dollars, aseptic surgical wound is considered 'a remarkable expensive luxury'.\[[@ref5]\]

The era of chemotherapy is about 60 years old; however, surgery without sepsis remains an unfulfilled goal. The widespread and indiscriminate use of antibiotics has led to the progressive development of resistance to penicillin and many other antibiotics.

'We are fighting an escalating war against the microbes, and it is felt that we are the losers'. Antibacterial susceptibility pattern for microorganisms isolated from hospitalised patients with wound infection is continuously evolving.\[[@ref6]\] Unavailability of appropriate alternative antibiotics may be life-threatening to some hospitalised patients.\[[@ref7]\] Determining the sensitivity of bacterial isolates to antibiotics can help the clinician choose the appropriate antimicrobial.

Very few studies of this kind have been carried out in India, and this issue was largely unexplored in an apex teaching medical institution at Nagpur.

A prospective observational analysis study was thus carried out to elucidate the extent of the problem, the bacteriology and factors associated with wound infection, the antibiotic sensitivity and resistance pattern and to provide baseline estimate for subsequent comparison and to guide hospital infection control and antibiotic usage policy.

MATERIALS AND METHODS {#sec1-2}
=====================

Study design {#sec2-1}
------------

This is a prospective cross-sectional study of isolates from the Plastic Surgery Unit of Government Medical College and Hospital (GMCH), Nagpur, from October 2013 to October 2015.

Study area {#sec2-2}
----------

GMCH, Nagpur, is the largest apex teaching medical institution in the Vidarbha region of Maharashtra catering to 2.4 million inhabitants of Nagpur and surrounding districts.

Inclusion/exclusion criteria {#sec2-3}
----------------------------

All patients admitted to plastic surgery ward with the raw area and suspected wound infection were enrolled in the study. Wound infection was suspected if the wound was exuding pus or fluid, not healing well or associated with signs and symptoms of inflammation. Very ill patients and those undergoing antibiotic therapy 2 weeks before the study were excluded from the study. Patient\'s age sex, type, site, duration and aetiology of the wound were noted.

Ethical committee clearance for the study was granted by the Ethics Review Board of GMCH.

Sampling procedure {#sec2-4}
------------------

A questionnaire was used to obtain data from the patient after obtaining informed consent from the patient and guardians. Sample collection was performed from open wound in the ward by the resident surgeon using Sterile Swab Sticks as per existing departmental guidelines. Only one swab per patient was collected after carefully cleaning the wound and surrounding skin with saline to avoid surface contamination. The samples were then transferred to microbiology laboratory within 1 h of collection using airtight sterile vial.

Culture and identification {#sec2-5}
--------------------------

Swabs collected were streaked on blood agar and MacConkey agar by sterile inoculation loop. Agar plates were incubated at 37° for 24--48 h. Bacterial colonies on the agar plate were then Gram stained and subjected to biochemical tests for identification and classification.

Antibiotic sensitivity {#sec2-6}
----------------------

Antibiotic susceptibility was done by Kirby--Bauer disc diffusion method and interpreted according to the recommendations of the National Committee for Clinical Laboratory Standards.\[[@ref8]\] The drugs tested for both Gram-positive and Gram-negative bacteria were ampicillin, amoxicillin-clavulanic acid, amikacin, cefotaxime, ceftriaxone, ciprofloxacin, gentamicin, imipenem, piperacillin-tazobactam and levofloxacin. The antibiotics selected were based on the availability and prescription frequency of these drugs in the study area.

Statistical analysis {#sec2-7}
--------------------

Chi-square test was employed to compare the association of the sociodemographic data, wound type, location, duration, with wound infection status of the patient. *P* \< 0.05 was considered statistically significant.

Ethics {#sec2-8}
------

Written informed consent was obtained from all study participants.

RESULTS {#sec1-3}
=======

A total of 150 wound swab samples were collected from the patients admitted to the Plastic Surgery Unit from October 2013 to October 2015. The subjects included 94 (62.6%) males and 56 (37.4%) females. The ages of the patients ranged from 6 months to 80 years with a mean age of 33.6 years \[[Table 1](#T1){ref-type="table"}\].

###### 

Wound infection and demographic characteristics

![](IJPS-49-198-g001)

Sixty-six (4%) samples were obtained from the leg, whereas 25 (16.7%) samples were obtained from the hand.

Seventy-one (47.3%) wounds were post-traumatic, whereas 48 (32%) were post-cellulitic (cellulitis, abscess, necrotising fasciitis and Fournier\'s gangrene) \[[Table 2](#T2){ref-type="table"}\].

###### 

Wound type and location
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Duration of the presentation was calculated as time from injury, wound to first seen by us. Eighty-seven (58%) wounds presented to us in the 1^st^ week, whereas 24 (16%) wounds presented in the 2^nd^ week \[[Table 3](#T3){ref-type="table"}\].

###### 

Duration of presentation
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Bacteriology {#sec2-9}
------------

Of the 150 wounds examined, 129 (86%) were culture positive, whereas 12 (9.3%) were polymicrobial in nature. One hundred and forty-three bacterial isolates were obtained in a total of which 111 (78%) were Gram-negative and 32 (22%) were Gram-positive.

*Pseudomonas aeruginosa* was the most common bacteria isolated 46 (32.2%) followed by *Klebsiella* 28 (19.6%), *Staphylococcus aureus* 24 (16.8%), *Proteus* species 22 (15.4%), *Escherichia coli* 15 (10.5%) and coagulase negative staphylococci (CONS) 8 (5.5%) \[[Table 4](#T4){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\].

###### 

Frequency of bacteria isolated

![](IJPS-49-198-g004)

![Frequency of bacteria isolated. CONS: Coagulase-negative staphylococci. S. aureus: *Staphylococcus aureus*](IJPS-49-198-g005){#F1}

Antibiotic susceptibility pattern of bacterial isolates {#sec2-10}
-------------------------------------------------------

All the bacterial isolates were tested for antibiotic sensitivity by the Kirby--Bauer method against selected 10 antibiotics. For *Pseudomonas* stain, piperacillin was included \[[Table 5](#T5){ref-type="table"}\].

###### 

Antibiotic sensitivity of Gram-negative isolates

![](IJPS-49-198-g006)

The Gram-negative isolates were fairly resistant to commonly used antibiotics such as ampicillin (70.3%), metronidazole (46%) and ciprofloxacin and gentamicin (43.2%). About 76.1% *Pseudomonas* isolates were sensitive to piperacillin \[[Table 6](#T6){ref-type="table"}\].

###### 

Antibiotic sensitivity of Gram-positive isolates

![](IJPS-49-198-g007)

The Gram-positive isolates showed 100% sensitivity to amikacin, imipenem and levofloxacin and were strongly sensitive to 3^rd^ generation cephalosporin such as cefotaxime (93.8%) and ceftriaxone (90.6%). Seventy-five percent of the isolates were resistant to ampicillin \[Figures [2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"} and [Table 7](#T7){ref-type="table"}\].

###### 

Correlation between duration of wound bacteriology and antibiotic resistance
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![Antibiotic sensitivity in Gram-positive bacteria. A: Ampicillin, AK: Amikacin, C: Ciprofloxacin, T: Cefotaxime, Cx: Ceftriaxone, G: Gentamicin, I: Imipenem, L: Levofloxacin, M: Metronidazole, CONS: Coagulase-negative staphylococci](IJPS-49-198-g009){#F2}

![Antibiotic sensitivity in Gram-negative bacteria. A: Ampicillin, AK: Amikacin, C: Ciprofloxacin, T: Cefotaxime, Cx: Ceftriaxone, G: Gentamicin, I: Imipenem, L: Levofloxacin, M: Metronidazole, P: Piperacillin](IJPS-49-198-g010){#F3}

The Gram-positive bacteria, *S. aureus* and CONS decreased dramatically as the duration of the wound increased. All the *Pseudomonas* isolates were resistant to ampicillin but were fairly sensitive to piperacillin (76.1%), amikacin and ceftriaxone (71.7%).

Eighty-four percent of the *Staphylococcus* isolates, on the other hand, were resistant to ampicillin but were highly sensitive to amikacin, imipenem and levofloxacin (100%).

Beyond the 3^rd^ week, all *Klebsiella* isolates were resistant to all the routinely used antibiotics except for imipenem and levofloxacin.

The sensitivity of *S. aureus*, *Pseudomonas* and *Klebsiella* gradually decreased as the duration of wound increased to all the routinely used antibiotics.

Imipenem and levofloxacin were the most efficient antibiotics in our study, followed by amikacin and 3^rd^ generation cephalosporins \[[Figure 4](#F4){ref-type="fig"}\].

![Frequency of bacterial isolates (Y axis) with time (X axis). CONS: Coagulase negative staphylococci](IJPS-49-198-g011){#F4}

DISCUSSION {#sec1-4}
==========

Wound infection is a major cause of concern among both patients and health-care providers. Not only does it add to the physical and psychological morbidity but also it increases the patient\'s financial burden and prolongs hospital stay.\[[@ref4]\] In the present study, an attempt has been made to know the various bacterial flora responsible for wound infections, their antibiogram and to correlate the organisms with risk factors.

Out of the 150 wound swabs collected, 129 (86%) were confirmed to be infected by bacteriological study. The incidence of wound infection was slightly more common in males (87.2%) than in females (83.9%). This is in keeping with studies done in different parts of the world.\[[@ref9][@ref10][@ref11]\] This might be explained by traditional male dominance in occupations where trauma is common, namely, farming and industry.

This also accounts for the fact that majority of the infected wounds were seen in the working age group of 20--30 years (91.3) and that the most common wound type was post-traumatic (47.3%) with the legs (44%) and hands (16.7%) being the most commonly affected sites for wound infection.

These findings compare with those done by Pondei *et al*., 2013.\[[@ref12]\]

Age obviously is an immutable patient characteristic and even if it is a risk factor for wound infection, it appears to be at most a modest one. In our study, the overall culture positivity rate was 86%, whereas 14% of the samples studied were culture negative. A common problem faced by health-care practitioners is managing a patient with all the symptoms and signs of wound infection but with 'no bacterial growth' on the culture report. The incidence of such culture-negative infections can be as high as 30% based on published studies.\[[@ref13][@ref14]\]

Causes of culture negative wound infections:

Most frequent cause is thought to be culturing the infected site after commencement of antibioticsAtypical organisms do not grow on standard culture media. Furthermore, they may grow rather slowly, and the culture plates are discarded before any growth becomes apparentOrganisms incorrectly dismissed as contaminants (*Staphylococcus epidermidis*, *Corynebacterium* species) when in actual they may be the actual cause of wound infections.

Microbes causing culture negative wound infection and which do not exhibit growth up to 3 days on routine culture media are:\[[@ref13]\]

Atypical mycobacteriaMycoplasma and ureaplasmaLegionellaSmall colony variant *S. aureus*Anaerobes.

Managing wound infections, when microbiological diagnosis is not forthcoming, are a common and challenging clinical problem in surgical practice. Steps to reduce the incidence of culture negative wound infections can be:

Standard plates to be incubated for an additional 5--7 days, which allows the 'slow growers' to be identifiedSubculture the broth even in the absence of visible growthRepeat swabs if diagnosis is doubtful with a request for an additional diagnostic tests, special culture media and repeat culturesInclude anaerobic media to detect anaerobic pathogensInstitute appropriate media to detect anaerobic pathogens.

The surgical patient is colonised by microorganisms during his/her stay in the hospital. It is a common observation that chronic illness and a longer hospital stay are associated with wound infection which was evident in our study.

In our study, the sensitivity of *S. aureus*, *Pseudomonas* and *Klebsiella* gradually decreased to routine antibiotics as duration of the wound increased. Beyond the 3^rd^ week, all *Klebsiella* isolates were resistant to all our commonly used antibiotics (except imipenem and levofloxacin).

Longer wound duration may be due to the lack of health-care facilities, failure to report wound infection, fallacies in the diagnosis and management of wounds, longer pre-operative hospitalisation, poor general condition or complexity of the patient\'s illness. Pre-existing illness may lower the immune status of the patient and may itself contribute to wound infection.

These findings are in accordance with those done by Anvikar *et al*.\[[@ref15]\] In this study, 90.7% of the culture positive wound showed monomicrobial growth and 9.3% were polymicrobial in nature. Fourteen percent had no growth.

Similar high percentage of monomicrobial growth has been reported in different parts of India (86--100%) and Pakistan (98%).\[[@ref16][@ref17][@ref18][@ref19]\]

The present study shows the emergence of Gram-negative *bacilli*, accounting for 78% of the isolates, as the principle offenders of wound infection. There is a change in the bacterial aetiology of wound infection from time to time. A century ago, the most feared and frequent pathogen was *Streptococcus*, 20 years backs, the coagulase positive *Staphylococcus* was the principle offender, whereas Gram-negative *bacilli* are now replacing *Staphylococcus*.

Our study showed *Pseudomonas* to be the principle cause of wound infection (32.2%) followed by *Klebsiella* (19.6%), *S. aureus* (16.8%), *Proteus* (15.4), *E. coli* (10.5%) and CONS (5.5%). Our observation of *Pseudomonas* as the most common pathogen in wound infection differs from other studies in India and rest of the world showing *S. aureus* to be predominant.\[[@ref9][@ref15][@ref19][@ref20][@ref21][@ref22]\]

This difference could be attributed to the regional variability of endemic bacterial flora warranting each institution to determine its own set of prevalent microorganisms and associated indices. The frequency of *Pseudomonas* isolates from infected wounds continues to rise with duration of the wound \[[Figure 4](#F4){ref-type="fig"}\]. On the contrary, the Gram-positive bacteria (*S. aureus* and CONS) showed a decline with duration of the wound.

While *S. aureus* and *Klebsiella* were the most common pathogens in the first 2 weeks, *Pseudomonas* and *Proteus* were most common thereafter.

Antibiotic resistance by the isolates to commonly prescribed and routinely used antibiotics was alarmingly high. The Gram-negative isolates were fairly resistant to commonly used antibiotics such asm ampicillin (70.3%), metronidazole (46%), ciprofloxacin and gentamicin (43.2%). Seventy-five percent of Gram-positive isolates were resistant to ampicillin.

All the *Pseudomonas* isolates and 84% of *Staphylococcus* isolates were resistant to ampicillin. Beyond the 3^rd^ week, all the *Klebsiella* isolates were resistant to all routinely used antibiotics (except imipenem and levofloxacin).

The high degree of resistance may be attributed to the widespread abuse of antibiotics, practicing self-medication, indiscriminate use of antibiotics as oral prophylaxis, lack of laboratory services and guidelines/protocols regarding the selection of antibiotics.\[[@ref23]\]

This pattern of antibiotic sensitivity correlates with the study of Anvikar *et al*.\[[@ref15]\] who has reported that organism causing wound infections are resistant to commonly used antibiotics. The increased emergence of penicillin and methicillin resistance of *S. aureus* stains worldwide is reflected in this study where 84% of the *S. aureus* stains were resistant to ampicillin.\[[@ref9][@ref15][@ref23]\]

Imipenem and levofloxacin were the most efficient antibiotics in our study, followed by amikacin and 3^rd^ generation cephalosporins.

CONCLUSION {#sec1-5}
==========

The most common isolate in wound infection was *Pseudomonas*, followed by *Klebsiella*, *S. aureus*, *Proteus*, *E. coli* and coagulase negative *S. aureus*. These isolates showed a high degree of resistance to ampicillin, metronidazole, ciprofloxacin and gentamicin.

There is an urgent need to curb further spread of antimicrobial resistance, and we recommend the institution of a multidisciplinary approach to wound management, rational drug use, routine microbiological surveillance of wounds and rigorous infection control policies for the same.
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